Ethnopharmacological relevance: N-Alkylamides (NAAs) are a promising group of bioactive compounds, which are anticipated to act as important lead compounds for plant protection and biocidal products, functional food, cosmeceuticals and drugs in the next decennia. These molecules, currently found in more than 25 plant families and with a wide structural diversity, exert a variety of biologicalpharmacological effects and are of high ethnopharmacological importance. However, information is scattered in literature, with different, often unstandardized, pharmacological methodologies being used. Therefore, a comprehensive NAA database (acronym: Alkamid) was constructed to collect the available structural and functional NAA data, linked to their occurrence in plants (family, tribe, species, genus). Materials and methods: For loading information in the database, literature data was gathered over the period 1950-2010, by using several search engines. In order to represent the collected information about NAAs, the plants in which they occur and the functionalities for which they have been examined, a relational database is constructed and implemented on a MySQL back-end. Results: The database is supported by describing the NAA plant-, functional-and chemical-space. The chemical space includes a NAA classification, according to their fatty acid and amine structures. Conclusions: The Alkamid database (publicly available on the website http://alkamid.ugent.be/) is not only a central information point, but can also function as a useful tool to prioritize the NAA Q8 choice in the evaluation of their functionality, to perform data mining leading to quantitative structure-property relationships (QSPRs), functionality comparisons, clustering, plant biochemistry and taxonomic evaluations.
Introduction
In the last two Q9 decades, the biomedical interest in N-alkylamides (NAAs) has increased enormously. These plant-derived amides mostly contain a poly-unsaturated aliphatic fatty acid chain and a shorter substituent at the amine side. Both might include cyclic systems and/or heteromolecules (nitrogen, sulfur, oxygen) ( Fig. 1) . At the core is the amide bond, which resembles the peptide link -C(QO)NH-as observed in polypeptides and proteins. Due to its resonance characteristics, amide bonds are planar and relatively stable, possess partial double bond characters and are at the origin of its large dipole moment.
NAAs are widely present in the whole biological kingdom. The pharmaceutically important ergot alkaloids, which comply with our definition of NAAs, are produced by fungi of different genera (e.g. Claviceps, Penicillium and Aspergillus) (Wallwey and Li, 2011) . 9Z-octadecenamide was identified in the lichen Stereocaulon alpinum as bioactive NAA (Ingolfsdottir et al., 1997) . Ceramides, fatty acid linked sphingosines, are major lipid components in Pseudomonaslike Gram (À ) bacteria and important physiological constituents in eukaryotic cell membranes (Minamino et al., 2003) . In human and other mammalian skin, ceramides play a key role against transepidermal water loss and harmful environmental influences (Raith et al., 2004) . However, most importantly, NAAs as novel drug leads are found as secondary metabolites in the plant kingdom.
Due to these secondary metabolites, several plants have been used traditionally for organoleptic, as well as medical purposes, like toothache, gum, skin and gastric diseases, sexual dysfunctions and viral infections (Barnes et al., 2005; Boonen et al., 2010; Sharma et al., in press; Wang et al., 2007; Wu et al., 2004; Yang, 2008) . These different uses reflect the wide variety of ethnopharmacological viewpoints: NAA containing plants are used in numerous Traditional medicine systems (TMS) all over the world. Some typical usages are exemplified in Table 1 , where beside the TMS and originating area, the local plant name and indication are depicted. Moreover, from the work of different research groups focusing on plants containing NAAs, it became clear that these physiologically active molecules possess a broad functional spectrum via multiple mechanisms of action and targets. NAAs are thus becoming a new meta-group of drugs (like oligo-peptides, -saccharides and -nucleotides), interfering with different pathophysiologies. Hundreds of publications report the identification and functionality of NAAs, found in more than twenty different plant families. These studies are mostly fragmented, from different chemical, biopharmaceutical or chemotaxonomic fields, and with a strong ethnopharmacological view point. Up till now however, no global data-base overview of botanical NAAs is available. Seen this multi-disciplinarity, one identical molecule for example has historically received several names based upon their origin (a-sanshool, echinacein, neoherculin) (Crombie, 1955) . Therefore, we present here a structured overview of plant-occurring NAAs with the acronym ''Alkamid'', an online accessible chemical and functional database (http://alkamid.ugent.be). We will describe the occurrence of NAAs in the different plant families, including their possible biosynthetic pathways and intrinsic roles (plant space), as well as their main functionalities outside the plant (functionality space) and their chemistry (chemical space).
Material and methods
For loading information in the database, literature data was gathered by using the search engines Web of Knowledge, PubMed, Espacenet and Google. 'Alkamide', 'alkylamide' and 'amide', each separately, as well as 'plant' and 'activity', using the Boolean operation ''AND'', covering the period 1950-2010. 1 2 3 R 1 = An alifatic chain, often containing unsaturated units, with or without direct substutients (N, O, S, cyclic,…) whether or not incorporated in a cyclic system with R 2 .
R 2 = An alifatic chain, often an isobutylamide, methylbutylamide, phenylethylamide, tyramide, piperidide or pyrrolidide derivative, with or without direct substituents (N, O, S, cyclic,…) whether or not incorporated in a cyclic system with R 1 .
R 3 = Mostly a hydrogen, methyl, methoxy or hydroxy function. In methodologies where an increase or decrease towards a placebo sample was observed, the result (''value'') was standardized as the percentage relative to placebo NAA and was calculated as follows:
where Ctr is the value for the placebo sample; x the value for the investigated NAA. In order to represent the collected information about NAAs, the plants in which they occur and the functionalities for which they have been examined, a relational database is constructed (Codd, 1970) . The database design is shown schematically in Fig. 4 . In this visual representation, each rectangular block describes the structure of a table. In the header of the block, the table name is given. Below this table name, the names of the columns are listed. The first column name(s) listed, i.e. the column name(s) above the dotted line, constitute(s) the primary key of the table, that is, a unique identifier for rows in the table. As an example, consider the block in the left bottom. This block describes a table called 'Molecule', which has nine columns. Each row in this table is uniquely identified by its moleculeID. One-tomany links are shown by means of arrows between blocks.
The conceptual idea of the database is as follows. Information about NAAs regarding their chemical structure is stored in the table 'Molecule'. Information about plants is stored in a normalized way in four tables: 'PlantSpecies', 'PlantGenus', 'PlantTribe' and 'PlantFamily'. The links between these tables grasp the hierarchical structure that is used to categorize plants. In the 'PlantSpecies' table, information is stored about the ethnopharmacological systems (e.g. Ayurveda medicine) in which NAAs are used. The observed occurrences of NAAs in plants are stored in the table 'In Species'. Hereby, the review or publication in which the observation was made is also stored. Observed functionalities are stored in the table 'Functionality'. Several aspects such as the used method ('methodName') to measure the functionality are stored in separate tables in order to maximize consistency in the database. For each reported measurement concerning a particular functional behavior, the measured value is stored in the column 'Measurement'. In the case where the measured value indicates a change, column 'Measurement Change' indicates whether the measured value is an increase or a decrease. Column 'Measurement Operation' encodes whether the measured value is an exact number, an upper bound or a lower bound.
Functionalities observed by performing measurements directly on a(n) (group of) NAA(s) are linked to this (group of) NAA(s) through the table 'Molecule Functionality'. Functionalities observed by performing measurements on whole plant extracts are linked to these plants through the table 'Plant Functionality'. For each tested and observed functional behavior, the review or publication is mentioned in which this behavior is reported.
The Alkamid database has been implemented on a MySQL backend and is publicly available on the website http://alkamid. ugent.be. The website is implemented by using the content management system Drupal.
Results and discussion

Alkamid database
The Alkamid database is a resource of plant occurring NAAs. Ethnopharmacological and biofunctional data of specific NAAs can be searched for, together with their physicochemical properties et al. (2003) and plant origin. Based upon the input-question of the user (name, structural formula, plant origin, activity, literature), this search page will give all available NAAs in a structured manner. In order to make the online Alkamid database easily searchable, it provides the most significant chemical identifiers of chemical structures (i.e. chemical name, IUPAC name, trivial name, SMILES string and structural formula). In addition, some physicochemical properties are included and a structured overview of NAA functionalities is provided. Because the extraction and collection of such results are labor intensive, the online database provides facilities for users to communicate their results and/or knowledge to the database administrators.
Besides the functional part of the database, the link between NAAs and the plants in which they occur, is given. This way, starting from a plant (specified by family, genus, tribe or species), it is easy to obtain an overview of the NAAs occurring in that plant and by extension also an overview of all functionalities reported for these NAAs.
In order to facilitate the use of the database, a simple (keyword based) search interface is provided that allows to search by NAA, by plant, by functionality and by article specifications (author, title, year).
Plant space
Plant families
Up till now, NAAs are found in 26 different plant families comprising more than 100 plant species. Table 2 illustrates these plant families, their corresponding tribes, genera, some of the NAA containing plant species and the NAAs found herein (numbers can be found in Table S1 in the supplementary material, which correspond to the molecule identities in the database). The species names are in accordance with the international taxonomic database ''The plant list'' (www.theplantlist.org). Species names 127   129   131   133   Table 2 Plant origin of NAAs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15 ) ,15,22,23,24,25,26,27,56,59 ) -squarrosa Nees (277,278) -callimorpha A.H. Moore (3, 4, 9, 14, 16, 17, 19, 20 ,2,4,6,10,11,12,14,21,28,29,30,1,31,32,33,34,35,36, 37,38,39,40,41,42,43,44,45,46,47,57,62 ,2,12,28,31,33,38,39,40,48,49,50 (106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118) þ Lepidieae -asiatica Serg. (80, 90, 97, 98) Lepidium -aspleniifolia Vent. (33, 80, 83, 90, 91, 93, 94, 95, 97, 98, 105) -meyenii Walp. (249,250) -biebersteinii Afan. (141) Bromeliaceae -collina (Becker ex Rchb.f.) Heimerl (33, 80, 83, 90, 91, 93, 94, 95, 97, 98, 105) þ (80, 91, 96, 97, 98, 140) - ,97,98) þ Diantheae -latiloba Ledeb. ex Nordm. (33, 80, 91, 93, 97, 98, 100, 104) Dianthus (33, 78, 80, 83, 90, 91, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105) Ipomoea -nana L. (55, 78, 103, 133, 134, 135, 136, 137, 138) -aquatica Forssk. (80, 90, 94, 95) -quinquefolia [nom. illeg.] (247) -spinulifolia Fenzl ex Boiss. (80, 91, 132, 145, 151) Ephedraceae -tomentosa L. (117, 144) þ Ephedreae -wilhelmsii K. Koch [nom. illeg.] (119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131 ) (19, 66, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 103, 104, 279) þ Acalypheae 4, 6, 62, 63, 69, 74, 75, 76, 162, 286) Glycine 3, 4, 6, 7, 9, 56, 57, 58, 59, 60, 61, 62, 63, 65, 66, 67, 68, 69, 70, 71, 72, 73, 75, 105, 162, 286) ,206,207,208,209,210,211,212,213, 214,215,217) þ Pipereae -bungeanum Maxim. (158, 159, 160, 161, 164, 168, 169, 170, 172, 173, 174) Piper (193, 194, 195, 288, 289, 290) -integrifolium (Merr.) Merr. (134, 161, 164, 165, 166, 167, 168, 169, 170 ,191,192,199,238,242) -longum L. (80,234,237,238,239,240,241,242,243,273) -macrophylla [nom. illeg.] (Zanthoxylum) (188,238,243,311) -nigrum L. (80,86,229,230,231,232,233,234,235,236,310) -piperitum (L.) DC. [nom. illeg.] (158, 159, 161, 162, 163, 164, 172, 175, 176, 177, 178, 179, 180, 181, 182, 183, 80, 86, 133, 240, 241, 244, 245, 261) -planispinum Siebold & Zucc. [nom. illeg.] (158,162) -sarmentosum Roxb. (66, 80, 86, 243, 244, 245, 246) -rubescens Planch. ex Hook. (191, 198, 199, 200, 201, 202, 203, 204, 309 (158, 159, 161, 168, 170, 293, 294, 295) -setulosum P. Wilson (276) Poaceae -simulans Hance (212, 213, 214, 218, 219, 220, 221, 222, 223 (253, 264, 266, 269, 271, 317) Pyrus (197) (64,284,291,316,318,322,323,324,325,326,327,328,329,330,331,332, 333,334,335,336,337,338,339,340,341 (Greger, 1984) . Christensen et al. reviewed the occurrence of acetylenes and related compounds (including NAAs) in three different tribes of the Asteraceae family (Asteracea, Heliantheae and Anthemideae) (Christensen, 1992; Christensen and Lam, 1991a,b) . Additionally, NAAs were found in the Asteraceae-Senecioneae tribe (Ndom et al., 2010) . In the Asteracea tribe (Brachycome genus), only one NAA, dodeca-2E,4E,8E,11-tetraene acid isobutylamide (273) was found (Christensen and Lam, 1991a ).
Greger first reported 21 different NAAs in the Heliantheae tribe (Greger, 1984) . Anno 2011, more than 70 NAAs have already been identified herein. Their fatty acid moiety contains a C 4 , C 6 , C 8 -C 16 or C 18 chain, while the amide residue can be an isobutylamide (IBA), 2-hydroxy isobutylamide (2-OH IBA), 2-methylbutylamide (2-MBA), saturated phenylethylamide (PEA) or unsaturated (1E/Z) phenylethylamide (styrylamides) (Christensen and Lam, 1991b) . These styrylamides were only identified in Spilanthes alba (e.g. 25) and can possess an epoxy-derivative in its acid chain (27) (Bohlmann et al., 1980) . In addition, this epoxy group was identified with a PEA residue in Spilanthes acmella, radicans and ciliata and in Salmea scandens (12) (Bohlmann et al., 1985; Boonen et al., 2010; Martin and Becker, 1985; Rios-Chavez et al., 2003) . Globally, C 8 -C 14 IBAs, 2-MBAs and PEAs are documented in the Spilanthes genus. The short chained C 8 NAAs are only identified in Spilanthes radicans and Spilanthes ciliata. Moreover, the isovalerate ester (in 10-hydroxyspilantholisovalerate (29) and 10-hydroxyspilanthol-3-methylacrylate (30)) has simply been demonstrated in Spilanthes ciliata (Martin and Becker, 1984) . NAAs with fatty acid moieties, containing hydroxyand dihydroxy groups, are found in Spilanthes ciliata and Spilanthes callimorpha (e.g. 16, 17). Both are also reported in the Rutaceae (Zanthoxylum piperitum) (Hatano et al., 2004) , while the hydroxylderivative only, has been detected in Asteraceae-Anthemideae (Anacylcus monanthos) (88) and Piperaceae family (e.g. Piper nigrum) (e.g. 231) (2005; Siddiqui et al., 2003) .
Spilanthol (or affinin) (1) is the best known NAA of several Spilanthes species, although this deca-2E,6Z,8E-trienoic acid IBA and its 2-MBA derivative (homospilanthol) (2) are also found in the Heliopsis longipes (Molina-Torres et al., 1996) . In contrast, two other Heliopsis genera (buphthalmoides and helianthoides) contain C 18 NAAs with the rarely occurring pentaene acids (53, 54) .
Q10
Echinaceae NAAs always possess a C 2 unsaturation in their acid chain and have a relatively longer chain acid moiety, starting from C 11 up to C 16 . The majority of NAAs in Echinaceae are IBAs and 2-MBAs, while no PEAs are present in this genus.
Deviating from all other NAAs in the Heliantheae tribe, the hydroxy cinnamamides (HCAAs) were found in Helianthus annuus (264) (Martintanguy et al., 1978) .
The Anthemideae tribe possesses C 10 -C 18 acid moieties linked to various amine parts. Initial investigations indicated that C 14 fatty acids are predominant in Anthemideae (Greger, 1984) . However, not only anacycline (78) and its derivatives (C 14 ), but also pellitorinelike homologs (C 10 ) are widely distributed in various genera of the Anthemideae (e.g. Achillea, Anacyclus, Artemisia, Leucocyclus, Chamaemelum, Cladanthus, Argyranthemum and Matricaria) (Christensen, 1992) . Since then however, those fatty acid moieties are also found in the Heliantheae tribe and other families: Rutaceae, Piperaceae, Aristolochiaceae and Menispermacea (AndradeNeto et al., 1996; Burden and Crombie, 1969; Greger et al., 1981; Greger and Werner, 1990; Saadali et al., 2001; Weenen et al., 1990b; Yasuda et al., 1981a) . Nevertheless, the thiophene fatty acid moiety is a typical characteristic of Anthemideae, which was identified in e.g. Otanthus and Chrysanthemum genera (e.g. 154, 157) (Bohlmann and Wegner, 1982; Bohlmann and Zdero, 1967; Bohlmann et al., 1974; Greger and Hofer, 1984) . The Anthemideae also possesses typical NAA amine residues. In addition to the common IBAs, 4-hydroxy PEAs (tyramides) (e.g. 83, 84, 85) occur, which are also found in several other families like Piperaceae and Rutaceae (Burden and Crombie, 1969; Greger et al., 1981; Kubo et al., 1984; Martintanguy et al., 1978; Matsuda et al., 2009; Stöhr et al., 1999) . More recently, other tyramides, with an alkynic structure on the acid side, were identified in Anacyclus pyrethrum (Boonen et al., submitted for publication) (e.g. 279), while from another Asteraceae tribe, Senecioneae, the fully saturated pentacosyl tyramide was identified (262) (Ndom et al., 2010) . The biogenetic characteristic isopentylamides (IPAs) were only described in Achillea (e.g. 123) (Greger and Hofer, 1987) , while the N-methyl IBA (e.g. 79) are found in the Anthemideae tribe (Anacyclus pyrethrum) (Jente et al., 1972) as well as in the Rutaceae family, encompassing Clauseneae tribe (Riemer et al., 1997) and Zanthoxyleae tribe (Adesina et al., 1997; Adesina and Reisch, 1989; Cheng et al., 2004) . In Anthemideae, the amide part occurs particularly in cyclic systems (i.e. piperidide, piderideide, pyrrolide, pyrrolidide, 2,3-didehydropyrrolidide). Pyrrole amines, encompassing pyrrolidides (e.g. 111), 2,3-didehydropyrrolidides (e.g. 144) and pyrrolides (e.g. 110), are mainly present in Achillea even though pyrrolidides have also been identified in the Convolvulaceae as well as in the Meliaceae family (Greger et al., 1981 (Greger et al., , 1983 (Greger et al., , 2008 Tofern et al., 1999) . In the latter case, it concerns a bisamide structure (259) (Greger et al., 2008) . The piperidide amides are typically found in Anthemideae tribe and Piperaceae family. Unlike the Anthemideae, the Piperaceae piperidides principally enclose a 3,4-(methylenedioxy)phenyl residue in their acid group (e.g. 234). On the other hand, the 2,3-didehydroderivatives of piperidides (piperideides) (e.g. 93) are only seen in the Anthemideae and more particularly in Achillea species (Greger et al., 1981 (Greger et al., , 1983 Greger and Werner, 1990; Wu et al., 2004) . The 4-hydroxic piperideide (140) was reported exceptionally in Achillea falcata (Greger et al., 1983) . Finally, the pyrrole and piperidide amides with completely saturated C 18 fatty acid chains and their corresponding dehydro-derivatives were only reported in Achillea lycaonica (146-149) (Greger et al., 1982) .
3.2.1.2. Rutaceae family. NAAs found in Rutaceae only possess alkenic structures in their acid part. The conventional straight chain NAAs consist mainly out of C 12 and C 14 acid moieties. The Zanthoxylum genus possesses the so-called sanshools. This name is derived from the Japanese term sanshō (i.e. Sichuan pepper, the outer pod of the fruit of various Zanthoxylum species), added with the suffix -ol, demonstrating the possible presence of an alcohol group at the amine side of these NAAs. Dependent on their double bond configuration, the dodeca-2,6,8,10-tetraenoic acid IBAs are known as a-, b-, and e-sanshools (e.g. 158-160, 162, 163, 175, 176 ) (Chen et al., 1999; Jang et al., 2008; Kashiwada et al., 1997; Yang, 2008; Yasuda et al., 1982) , while the g-sanshools are tetradeca-2,4,8,10,12-pentaenoic acid derivatives (e.g. 161, 164, 172, 174, 315) (Chen et al., 1999; Iseli et al., 2007; Kashiwada et al., 1997; Xiong et al., 1997; Yang, 2008) . The Zanthoxylum genus also contains the bungeanools (e.g. 168, 169, 170, 173) which are typically tetradeca-2E,4E(,8,10)-di-, tri-or tetraenoic acid 2-hydroxy IBAs (Chen et al., 1999; Iseli et al., 2007; Xiong et al., 1997) . Their derivatives, enclosing an oxo group in their fatty acid part and/or lacking the hydroxyl group at the IBA part, are the lanyuamides (e.g. 165, 166, 184, 185) (Chen et al., 1999; Cheng et al., 2003) . Next to C 14 tetradeca-2E,4Z-dienoic acid IBA (86), the 2E,4E-dienoic acid IBA homologs with chain length C 8 (243), C 10 (pellitorine) (80) and C 20 (242), like in the Asteraceae family (e.g. 66, 99, 135, 142) and Piperaceae family (e.g. 244, 245, 246), are present. Pellitorine was not only identified in Zanthoxylum, but also in Pilocarpus (Kalia et al., 1999; Kubo et al., 1984; Yasuda et al., 1981a) . Furthermore, NAAs from the Rutaceae family can be composed of a 2E/Z-phenylethyl derivative as fatty acid, like (187-192, 199-204, 206, 207, 215, 217) . These NAAs are cinnamamides, which include an IBA (e.g. 188), (di)methoxy phenylethyl (e.g. 200, 206) or 3,4-methylenedioxy phenylethyl (e.g. 204) amine moiety (Adesina et al., 1997; Adesina and Reisch, 1989) .
Apart from the NAAs described above, the Rutaceae family includes compounds in which the entire amide function is part of one cyclic system, mainly 6-membered (Zanthoxylum) (e.g. 221) (Chen et al., 1997; Cheng et al., 2004; de Moura et al., 2002) , but occasionally 8-membered (Clausena) (e.g. 227, 228) rings (Riemer et al., 1997) . These NAAs frequently harbor three to five cyclic units. Moreover, in the Clausena genus, tryptamine derived NAAs were identified (e.g. 226) (Riemer et al., 1997) . Finally, sulfurcontaining NAAs are described in the leaves of Rutaceae Glycosmis genera, which represent a typical chemical character of this genus (Chansriniyom et al., 2009; Cuong et al., 1999; Greger et al., 1992 Greger et al., , 1993a Greger et al., ,b, 1996 Hinterberger et al., 1994 Hinterberger et al., , 1998 Hofer et al., 1995 Hofer et al., , 2000 Rahmani et al., 2004 Rahmani et al., , 2010 . Both, in the fatty acid residue, as well as in the amine moiety, a sulfur atom can occur, mostly two carbon atoms away from the amide function (e.g. 256) (Greger et al., 1992 (Greger et al., , 1993a (Greger et al., ,b, 1996 Hinterberger et al., 1998) . The sulfur moieties, most probably derived from the amino acid cysteine, can additionally be oxidized to sulfones and sulfoxides or shortened by a-oxidation (e.g. 254) (Chansriniyom et al., 2009; Greger et al., 1994 Greger et al., , 1996 Hofer et al., 2000; Rahmani et al., 2010) . Moreover, Meliaceae comprises sulfur containing amides (e.g. 258), but also bisamides (e.g. 265) and an amide alcohol (e.g. 260), which all can be defined as cinnamamides (Greger et al., 2008) .
3.2.1.3. Piperaceae family. The NAAs from Piperaceae were thoroughly reviewed by Strunz, (2000) . Shortly, they have a straight chain acid moiety (from C 6 up to C 26 ) (e.g. 273) with or without aromatic terminus, which is often a 3,4-methylenedioxy phenylethyl (e.g. 232-239). In most cases, the acid chain has an even number of carbon atoms when there is no aromatic substituent. On the other hand, harboring an aromatic group, an uneven carbon number is present. The IBA, piperidide and pyrrolidide predominate as amine moiety. Exceptionally, a 2-MBA (e.g. 246), a n-pentyl (e.g. 274), isopentyl (e.g. 280), 3,4-didehydro-2-pyrrolidone (e.g. 281), 3,4-didehydro-2-piperidone (e.g. 293) or 4-hydroxy,5-methoxyphenylethyl (e.g. 283) amine moiety can occur. Like in Rutaceae, typical plant cinnamamide derivatives are also present in the Piperaceae family (e.g. 274) (Achenbach et al., 1986) . The Solanaceae and at least seventeen other plant families produce the metabolic important hydroxy cinnamamides (HCAAs) (Amaranthaceae, Aristolochiaceae, Asteracae, Brassicaceae, Bromeliaceae, Caryophyllaceae, Convolvulaceae, Fabaceae, Hippocastanaceae, Lauraceae, Liliacea, Poaceae, Rhamnaceae, Rosaceae, Rutaceae, Salicaceae, Zygophyllaceae) (Cheng et al., 2004; Li et al., 1998; Martintanguy et al., 1978; Tanaka et al., 2003; Tofern et al., 1999; Wu et al., 1994) . These NAAs are composed of hydroxycinnamate derivatives as fatty acid part (e.g. p-coumaryl, di-p-coumaryl, caffeoyl, feruloyl, diferuloyl moieties), linked to an aromatic amine (e.g. serotonin, tyramine) or polyamine (e.g. putrescine, spermidine) part (Facchini et al., 2002; Han et al., 2002; Kang et al., 2010; King and Calhoun, 2010; Martintanguy et al., 1978; Negrel et al., 1996; Park et al., 2009; Parr et al., 2005; Turnock et al., 2001; Yoshihara et al., 1981 ) (e.g. 263-269).
Next to HCAAs, the Brassicaceae species Lepidium meyenii (''Maca'') contains benzylated or 3-methoxybenzylated amides which are not found in other plants (Wang et al., 2007) . In these so called macamides, the C 14 -C 18 or C 24 fatty acid residues predominate and can be fully saturated (e.g. 250-251) (McCollom et al., 2005; Muhammad et al., 2002; Wang et al., 2007) . Moreover, the Zygophyllaceae family contains more complex lignanamides (e.g. 285) (Li et al., 1998) , the Convolvulaceae family possesses macrolactam-type indole alkaloids (ipobscurines) (e.g. 248) (Jenett-Siems et al., 2003) and the Euphorbiaceae family contains cyanogenic and non-cyanogenic pyridone derivatives (e.g. 257) (Hungeling et al., 2009) .
The N-acylethanolamides (NAEs) (e.g. 272) occur in different plant families (Malvaceae, Poaceae, Brassicaceae, Fabaceae, Solanaceae and Euphorbiaceae). Their acid residue contains twelve, sixteen or eighteen carbon atoms, with maximally three double bonds (Chapman, 2004; Lopez-Bucio et al., 2006) .
At last, macrobicyclic spermine alkaloids (e.g. aphelandrine (277)) are a rare class of naturally occurring polyamide conjugates present in the Brassicaceae, Acantahaceae, Scrophulariaceae and Ephedraceae family (Facchini et al., 2002; Nezbedová et al., 2001; Sagner et al., 1998) .
Next to this extensive enumeration of NAAs occurring in higher plants, we have included some NAAs from the not-plant biological system in the database e.g. a mammalian signaling alkylamide, the NAE anandamide (270). This NAAs are classified as ''not-plant'' NAAs. Moreover, synthetic e.g. 64, as well as semi-synthetic e.g. 300, NAAs are included and referred to as ''synthetic''.
Biosynthesis
A brief overview of the biosynthetic pathways of the most important plant NAAs is summarized here. They all consist of a fatty acid moiety and an amine part which are combined via an amide linkage.
For NAEs, the fatty acid part is delivered by lauric (12:0), myristic (14:0), palmitic (16:0) or linoelaidic (18:2, cis,cis) acid (Chapman, 2004) . Most straight chain fatty acids derive from nonaromatic acyl precursor, like oleic (18:1), linoleic (18:2) and linolenic (18:3) fatty acids (Greger and Hofer, 1987; Greger et al., 1983; Martin and Becker, 1985) . Successive dehydrogenations and dehydrations, frequently accompanied by isomerization, lead to characteristic alkenyc and alkynic structures (Greger, 1984) , while different oxidative processes contribute to chain shortening or epoxide structures (Christensen and Lam, 1991a; Greger, 1984; Greger et al., 1983 Martin and Becker, 1985) . A well-known exception is e.g. capsaicin (271), where the acid part arises from isobutyryl CoA and three acetyl groups (Keipert, 2009) . Aromatic fatty acid chains (e.g. piperine, 234) are derived from the shikimic acid pathway (Strunz, 2000) , while sulfur atoms are delivered by a cysteine unit (e.g. 255, 256) (Greger et al., 1993a; Keipert, 2009 ). In HCAAs, the fatty acid part is delivered by hydroxy-cinnamic acids, like p-coumaric (e.g. 269), ferulic (e.g. 266), sinapinic (e.g. 267) and caffeic acid (Handrick et al., 2010; Kang et al., 2010; Kang and Back, 2006) .
The amine moiety of NAEs is provided by phosphatidylethanolamine. In other NAAs, amines often derive from decarboxylation of different biogenic amino acids. Valine, isoleucine, phenylalanine, tyrosine and leucin serve as precursors for the isobutyl-, methylbutyl-, phenylethyl-, 4-hydroxyphenylethyl-and isopentylamine, respectively (Greger, 1984; Keipert, 2009) . After cyclisation and decarboxylation of lysine or cadaverine, the piperidine and piperideine amines arise. The similar biosynthesis of pyrrolidine rings from ornithine/putrescine was noted (Strunz, 2000) . However, decarboxylation of a proline derivative also produces pyrrolidines (Strunz, 2000) . Further dehydrogenation of pyrrolidines leads to pyrrolines and 2,3-didehydropyrrolidines (Greger, 1984) . Decarboxylation of tyrosine, tryptophan and dihydroxyphenylalanine yields the amine moieties for the HCAAs (e.g. tyramine, tryptamine, serotonin) (Kang and Back, 2006) .
The amide formation occurs via an enzyme-catalyzed reaction of the fatty acid part with the amino part. Synthesizing NAEs, NAPE synthase links free fatty acids with phosphatidylethanolamine molecules, resulting in N-acetylphosphatidylethanolamines. Next, NAEs are formed from N-acylphosphatidylethanolamine by phospholipase D, with a release of phosphatidic acid (Chapman, 2004) . For most other NAAs, including the HCAAs and macrocyclic polyamides, specific transferases condense the CoA thioesters activated fatty acid with the amine part (Kang and Back, 2006; Martin and Becker, 1985; Nezbedová et al., 2001 ). For example, in the synthesis of HCAAs, the family of the BAHD-like acyltransferases is responsible for the transfer of het hydroxyl-cinnamoyl residues from CoA to the amine (Handrick et al., 2010) .
Intrinsic role in the plant
Only for a few NAA subclasses, the botanical meaning was investigated. These studies focused mainly on the involvement of NAAs in growth and development processes and on their antimicrobial defense.
HCAAs are believed to act as controlling agents in several developmental processes like sexual organogenesis, cytomorphogenesis, floral induction and flower formation (Facchini et al., 2002; Kang and Back, 2006) , while straight chain NAAs like spilanthol and derivatives were found to promote growth and alter root development in a concentration dependent manner . NAEs on the contrary, inhibit the seedling root development, possibly due to their inhibitory effect on phospholipase D or their interaction with plant hormones (Kim et al., 2010b) .
The defensive properties of capsaicinoids and HCAAs were documented Tewksbury et al., 2008) . Because four nitrogen possessing macrocyclic amides consume quite some energy for their biosynthesis, their importance in the plant physiology and role against endophytic or pathogenic fungi was postulated (Werner et al., 1997) . For NAEs, the mechanism of their protective role was explored (Kim et al., 2010b) . NAE accumulation was assumed to play a role in pathogen defenses by two hypothetical mechanisms: (1) NAE accumulation could modulate the level of other lipids (e.g. phosphatidic acid) in response to pathogens or (2) NAEs might interfere with the quorum sensing mechanism (i.e. inter-bacterial communication to coordinate their activities) of bacteria. A binding protein for NAEs with properties similar to the NAE receptor of vertebrates (cannabinoid receptor) has also been identified in plant membranes. Therefore, it is believed that NAEs are endogenous signaling compounds in plant systems (Chapman, 2004; Kim et al., 2010b) . Finally, macrocyclic polyamides are believed to play a role in the cell metal ion homeostasis (uptake, turnover and transport of metal ions) (Nezbedová et al., 2001 ). Fig. 1 ). Currently, there is no consistent formal classification system for the NAAs, and different subgroups are used by the various research groups e.g. N-isobutyl-, 2-methylbutyl-, isopentyl-, phenylethyl amides, sanshools, tyramides, capsaicinoids, HCAAs and NAEs (Kim et al., 2010b) . Unlike the lipid classification system (LIPID MAPS), based on well-defined (bio)chemical pathways and hydrophobic/hydrophilic principles (Fahy et al., 2005 (Fahy et al., , 2009 , for the first time, a chemical division for NAAs is presented here. NAAs are constructed of a fatty acid part and an amino part. In Fig. 1 the R 1 group corresponds with the fatty acid part, while the amine part is presented by the R 2 group. Our proposed classification is build up from these two parts, which are characterized by a series of repeated methyl groups. For both parts, thirteen similar groups are defined. They can differ in length, degree, place and configuration of unsaturation. They can possess heteroatoms and carbocyclic and/or heterocyclic (whether or not aromatic and/or substituted) systems. The NAA structured classification name starts with ''F'' (indicative for fatty acids part) followed by the fatty acid category (from 1 to 13) and ends with ''M'' (indicative for the amino part) followed by the amino category (from 1 to 13). Combining the F part with the M part yields 25 chemical NAA classes. Fig. 3 presents the hierarchic scheme for classification of the NAAs. Number #1 stands for saturated chain NAAs which are not substituted with a heteroatom (sulfur, nitrogen, oxygen), while #2 points to the saturated substituted chains. Their length can differ from C 0 up to at least C 16 for the fatty acid part. On contrary, a ROCNH 2 amide part does not meet the definition of N-''alkyl''amide and hence, minimally one methyl group must be present at the amino side. Unsaturated chains, not substituted and substituted with a heteroatom are assigned in group #3 and #4, respectively. All groups can be branched with methylene entities. Heterocyclic NAAs may include a sulfur, oxygen or nitrogen (whether or not incorporating the nitrogen of the amide structure). They can be non-aromatic, non-substituted (#5), nonaromatic, substituted (#6), aromatic, non-substituted (#7) or aromatic, substituted (#8). Substituted cyclic systems involve an additional group at the opposite site of the amide entity. Moreover, carbocyclic systems, only including carbons in their ring structure, are defined. Like heterocyclic systems, they may possess non-aromatic, non-substituted (#9), non-aromatic, substituted (#10), aromatic, nonsubstituted (#11) or aromatic, substituted (#12) units. At last, NAAs of which the entire amide group is included in a cyclic part are categorized in one group (#13). As for the cyclic amides, the fatty acid as well as the amine part is the same: only the F13M13 combination can be made. Examples for each category are presented in Fig. 3 , while for each NAA the chemical classification name is given in the Alkamid database. Where our classification used a simple and short FxMy nomenclature, the LIPID MAPS assigns a twelve character LIPID ID to its lipids, containing a fixed database designation (LM) followed by a two letter category code (e.g. FA), a two digit class code (e.g. 03), a two digit subclass code (e.g. 02) and terminated by a unique four character identifier within subclass. The LIPID MAPS contains eight lipid categories, of which one, the fatty acid category, includes the fatty amide class. This class has four subclasses with some of them enclosing a limited number of specific NAAs. The first subclass, the primary amides, cannot be considered as NAAs. The second subclass is a large N-acyl amine group, containing -whether or not unsaturated -C 16 up to C 22 fatty acid parts combined with diversity of amine groups mostly consisting of a simple alkyl-group or a peptide derived entity. The quorum sensing fatty acyl homoserine lactones are defined as a small, third subclass. ) substituted with heteroatom substituted Fig. 3 . NAA classification scheme.
classification, which serves a more global objective, our NAA classification only considers a chemical approach, dividing them in more categories (n¼ 25) compared to the fatty amine LIPID MAPS classification (n¼4). This increased classification allows i.a. fine tuning in SAR studies. This approach is interesting for future linking of NAAs to specific functionalities. The reason is the not fully comprehensive stage of database. It is very plausible that in future, some representatives will be assigned to these categories.
Functional space
In this section, the different bioactivities of NAAs are generally described. It is impossible to cite all papers exhaustively in this field and therefore the main emphasis is placed on reviews and recent investigations in the field. NAAs elicit multiple functional actions, which make them very promising in the development of novel drugs. However, whole plant extracts, sometimes even without a reasonable purification or characterization of NAAs, are frequently used in pharmacological assays. This approach can only yield pilot information, as compounds other than NAAs could contribute or even be the main responsible for the observed pharmacological effects. Only using well-characterized compounds, as mono-or combination preparation, unequivocal conclusions can be made on their pharmacological effects (Goel et al., 2002; Matthias et al., 2008) . In this context, it should be mentioned that NAAs cannot automatically freely interact with target receptors as they can form micelles above their critical micelle concentration. For dodeca-2E,4E-dienoic acid IBA (66) in water (70.05% BSA) for example, a CMC range of 200-300 nM was established . This is the lowest CMC ever reported for a bioactive natural products. Seen the outcome of in-vitro as well as in-vivo experiments depends on the solubility and physicochemical behavior, it is recommended to investigate and incorporate the aggregating behavior of NAAs in the evaluation and conclusions of the pharmacological assays. Moreover, the adsorption behavior of NAAs towards surfaces, proteins and membranes is to be considered as well.
Antimicrobial and related activities
Numerous studies dealt with the antibacterial and antifungal, but also with the antiparasitic, molluscicidal and insecticidal activities of NAAs.
Antimicrobial activities of NAAs were evaluated by different test methods, e.g. dilution, disk diffusion and even TLC-hyphenated bioassays (Rahalison et al., 1994) . In this so-called spray method, a spore suspension in glucose and salt solution was sprayed on TLC chromatograms and incubated 72 h in darkness at 25 1C. The inhibition zones against a dark background indicate the minimal inhibiting amount of the separated compound on TLC.
The antibacterial effect of NAAs was mainly studied by MolinaTorres et al. (1999, 2004, 2008) . Minimal inhibitory concentrations (MIC) against several Gram ( À ) and Gram (þ ) bacteria are presented in Table 3 . Different unsaturated C 10 IBAs (e.g 1) and capsaicin (271) were investigated against Gram ( À ) bacteria. The specific recognition of their chain length by b-hydroxydecanoyl thioester dehydratase (enzyme responsible for the introduction of a double bond in vital unsaturated fatty acids of Escherichia coli) is assumed to be responsible for the observed activity (MolinaTorres et al., 1999) . In Escherichia coli and Pseudomonas solanacearum, a 2E unsaturation in the fatty acid chain is preferable for activity. An additional 6Z,8E unsaturation diminishes the activity. One study found that the investigated NAAs were inactive against Gram ( À ) Erwinia carotovora (Molina-Torres et al., 2008) , while another study indicated high antibacterial activity of one of these NAAs against Erwinia carotovora i.e. deca-2E-enoic acid IBA . MIC values of the investigated NAAs for Escherichia coli, Pseudomonas solanacearum and Erwinia carotovora range between 5 and 300 mg/mL. The degree of unsaturation as well as the chain length of the acid moiety influence the growth inhibition of Gram ( þ) bacteria (Bacillus subtilis). For IBAs, a 2E unsaturation is favorable (MIC ¼ 25 mg/mL), while full saturation (MIC ¼ 75 mg/mL) and additional 6Z,8E unsaturation (MIC¼ 50 mg/mL) decrease the activity. C8 up to C12 NAA have a higher activity (MIC¼ 75 mg/mL) than C6 (MIC¼ 150 mg/mL). For PEA, on the contrary, 2E unsaturation in deca-2E-enoic acid IBA (MIC¼150 mg/mL) has a negative contribution versus the fully saturated pattern (MIC ¼10 mg/mL). This latter C 10 decanamide also has the optimal chain length compared to the activity of C 8 (MIC¼15 mg/mL)4C 6 (MIC ¼75 mg/mL)4C 12 (MIC ¼150 mg/mL) (Molina-Torres et al., 2008) . Above, the amide moiety impacts the inhibitory effect, with generally higher activities of PEAs compared to IBAs (Molina-Torres et al., 2008 ). An invention relates to NAAs of D, L, L( À ) and D(þ )-carnitine possessing antibacterial activity. These NAA derivatives are prepared via a well-defined 
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process, whereafter the pharmaceutical and cosmetic compositions are made comprising an amount of at least one of the NAAs suitable for promoting an effective antibacterial action. Toxicological tests via the oral route and antibacterial and antidandruff activity were performed Fiorentini, 1988, 1989) . Administration of plants containing ingredients with pronounced antimicrobial activity (e.g. Spilanthes mauritiana) eliminates the resistance features of antibiotics. Prepared extracts can be used to treat different infectious diseases of the gastro-intestinal tract, infections of the eye, infections of wounds, mucosa and skin, etc. (Wabnitz and Angsorg, 1997) .
Antifungal effects of NAA were discussed manifold (Table 4) . Generally, a 2E unsaturation at the acid or the amine side is favorable for fungal growth inhibition. NAAs possessing a sulfur atom in their acid or in their amine part showed increased antifungal effects. From the NAAs with a sulfur atom in the acid chain, the methylthioethyl imides are highly toxic towards Cladosporium herbarum, especially penimide A (302) (MIC penimide A $4 mM). Methylthioethyl amides with a secondary amine part (like penangin (300) and isopenangin (301)) however, are methylthioethyl imide artifacts. These NAAs are formed during extraction and storage with methanol and have no antifungal activity (Pacher et al., 2010) . The phenylethyl group at the amine side is thus essential for the activity. The methylthiocarbonic acid NAAs combined with a phenylethyl amine group (ninarins (304-306)) are also antifungal, however, more than 100 times less than penimide A. The all-trans dehydroninarin B was shown to be more effective than others due to different steric hindrance of the rotation about the amide C-N bond. Changing the methylthioethyl to the amine side and the phenylethyl group to the acid part gives moderate antifungal NAAs (illukumbins (296-298) and sinarhins (256, 299)) (MIC$ 40-130 mM). The effect is more pronounced with a 2E unsaturation4a 2Z unsaturation4fully saturated methylthioethyl amine. A similar MIC effect is seen with the pyrrolidine NAAs possessing a benzo[1,3]dioxol acid group (e.g. 289). Their related piperidines (e.g. 292), dihydropyridones (e.g. 294) and IBAs (e.g. 188) are nearly ineffective (MIC in mM range). In straight chain acid IBAs, like spilanthol (1), the 2E,6Z,8Z unsaturation is needed for fungal inhibition. The 2E-or fully unsaturated spilanthol derivatives, pellitorine (80) and fagaramide (188) are ineffective against fungal growth (MIC in mM range). Sanshools also do not have any significant bacterial or fungal activity (Jang et al., 2008) .
The antiparasitic activity of some NAAs was evaluated. The antiplasmodial activity of some NAAs is summarized in Table 5 .
From different studies, it was suggested that the a,b-unsaturated carbonyl function rather than the N-isobutyl substituent is the responsible active site (Penali et al., 2007; Sittie et al., 1998; Weenen et al., 1990a) . Longer, straight chain acid moieties and substituted (rather than primary) amines seem advantageous. Besides the moderate antiplasmodial effect, a high antitrypanosomal activity of sulfonyl-containing NAAs was documented (343) (Astelbauer et al., 2010) . The EC 50 values against Trypanosoma cruzi of methyldambullin (344), methylgerambullin (343) and sakambullin (345) after 72 h exposure were 1.70, 1.23, Table 4 MIC (mg/mL) and % inhibition between brackets of NAAs on fungal growth. 5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59  61  63  65   67  69  71  73  75  77  79  81  83  85  87  89  91  93  95  97  99  101  103  105  107  109  111  113  115  119  121  123  125  127  129  131  133 Dihydropiplartine (294) The insecticidal activity was demonstrated for NAAs of several plant families (Asteraceae, Menispermaceae, Rutaceae, Aristolochiaceae, Piperaceae) (see Table 6 ). Different methodological assays have been used for a wide range of insects and their larvae. Topical application of the test solution in an organic solvent (contact test) (Su and Horvat, 1981) and the disk chamber test according to Hamraoui and Regnault-Roger (Hamraoui and Regnault-Roger, 1997 ) are used for adult insects. In the diet and dilution test, on contrary, larvae are fed with an agar/water/dry insect food or brought in a liquid medium, both containing the test substance (Roth et al., 1998; Zhang et al., 1997) . Dependent on the insect under investigation, different structural properties in the fatty acid and/or amine moiety of NAAs are essential.
Considering the fatty acid part, the 2E unsaturation, the configuration and place of other unsaturations play a key role in the toxicity of NAAs against insects (Crombie, 1955; Crombie and Denman, 1984; Jacobson, 1954) . For example, undeca-2E,4E,10Z-triene-11-(benzo[1,3]dioxol-5-yl) acid IBA (pipercide) (232) and deca-2E,4E-dienoic acid IBA (pellitorine) (80) are more effective towards Musca domestica than their 2E,4E,10Z-and 2E,4Z-stereomer, respectively (Crombie, 1955; Crombie and Denman, 1984) . Several insects are more susceptible to longer fatty acid chains NAAs and alkyne containing NAAs are preferable compared to purely alkenic NAAs (Clifford et al., 2002; Kubo et al., 1984; Ramsewak et al., 1999; Saadali et al., 2001 ). However, the purely alkenic dodeca-2E,4E,8Z,10E/Z-tetraenoic acid isobutylamide (3, 4) (LD 100 ¼10 mg/mL) shows higher activity than the alkynic derivatives (e.g. 60) (LD 100 ¼100 mg/mL) against the yellow fever mosquito Aedes aegyptii (Clifford et al., 2002) . Considering the amine moiety in NAAs, insect toxicity of IBAs against Aedes aegyptii and cowpea weevils (Causus maculatus) is superior to that of 2-MBAs and piperidides, respectively (Clifford et al., 2002; Su and Horvat, 1981) . Nevertheless, compared to IBAs, piperidides demonstrate higher activity against Cyclommatus scutellaris ants (Christodoulopoulou et al., 2005) . Strunz made some general assumptions for activity against the adzuki bean weevil, Cryptocarya chinensis (Strunz, 2000) , which are in line with our abovementioned determining structural properties for insect toxicity.
Tingling and related organoleptic effects
Application of NAAs might result in a tingling but also a burning sensation. The characteristic ''tingling'' activity of some NAAs, called ''tingle compounds'', has been established for decades (Humphries, 1979) . This tingling effect can be described as producing a buzzy, numbing anesthetic, pungent, pin and needles effect. While some authors try to make a distinction between the denominations tingling, numbing and pungent, this sensation is one here classified as single bioactive effect, called ''tingling''. However, the tingling effect is totally different from the hot, spicy, pain associated, burning sensation e.g. after eating chilli peppers, which will be classified as ''burning''.
Several in-vivo as well as in-vitro tests are applied to evaluate the sensation of NAAs. First, in in-vivo human sensory tests, the test solution is brought on the tongue, followed by rinsing the mouth with an aqueous solution, which minimizes desensitization. The sensation can be scored using a rating system (Correa et al., 2011; Iseli et al., 2007; Ley et al., 2004 Ley et al., , 2005a Ley et al., ,b, 2006 or the test solution can be compared to a placebo/reference solution possibly brought on the opposite side of tongue. Evaluation of the relative sensation (quality, intensity) using a relative numeric value is performed (magnitude estimation scaling (MES)) (Bryant and Mezine, 1999) (Castillo et al., 2007) . The threshold test is another well-known sensory test in which the panelists indicate Greger et al. (1996) Ritigalin ( Feruloylserotonin (308) whether or not they are able to detect a sensation at increasing test concentration (Castillo et al., 2007) . Self-, de-, cross-sensitization, time intensity, thermal-tingle and tactile-tingle interactions also can be examined (Albin and Simons, 2010) . The in-vivo drinking behavior test records the amount of water mice have drunk the day before and after the chemical test compound was added (Bautista et al., 2008; Lennertz et al., 2010) . In the mice licking test, the number of licks after intradermal injection of test compound was counted and compared to vehicle-treated group (Koo et al., 2007) . Second, ex-vivo in-vitro neural assays are described. In the skin-nerve experiment, several kinds of fibers are exposed to electrical-, mechanical-and chemical-evoked action potentials. Fibers sensitive to a chemical demonstrate more action potentials additionally to their baseline firing rate (Lennertz et al., 2010) . At last, Ca 2 þ -imaging with TRPV and/or TRPA expressing HEK293 cells from mice/rats trigeminal ganglia or dorsal root ganglion neurons are cultured and loaded with a calcium indicator (e.g. Fluo-4 AM). Their response to test compounds is then measured with calcium flux imaging. The fluorescence ratio (F test /F 0(baseline) ) evaluates their sensitivity (Bautista et al., 2008; Bryant and Mezine, 1999; Koo et al., 2007; Lennertz et al., 2010; Sugai et al., 2005) . Table 7 gives an overview of tingling and burning NAAs. For tingling sensation, the 2E unsaturation in the fatty acid part of NAAs is preferable, but not necessary e.g. dihydrospilanthol (21) (Ley et al., 2004) . Further unsaturation (alkenic and/or alkynic) generally leads to stronger effects in which the presence of a Z configuration is preferable (Bryant and Mezine, 2002; Galopin et al., 2004; Ley et al., 2004 , Ley et al., 2005a Sugai et al., 2005) . The unnatural 2E,4Z pellitorine cis-isomer (316) has a profound tingling effect compared to the natural all-trans pellitorine (Ley et al., 2004) . The chain length of the fatty acid part seems to influence the tingling sensation negatively, e.g. deca-2E,4E-dienoic acid IBA (80) (rating value 5) is more potent than undeca-2E,4E-dienoic acid IBA (143) (rating value 3) (Ley et al., 2005a,b) . Also, the amine part plays a role in the tingling effect. Determining the threshold value of sanshools, it was found that 2-OH IBAs have a lower tingling effect than the IBAs. It is assumed that the lower log P, and hence, the lower membrane permeability of 2-OH IBAs are the reasons for their lower effect (Sugai et al., 2005) . In decreasing order, the influence of the amine part is as follows: IBA 4piperidine4ethanolamine and 2-ethylhexylamine4pyyrolidine43-methyl butylamine4butylamine and MBA (Ley et al., 2005a,b) . Finally, it is interesting to notice that in similar compounds, containing no amide, like the undeca-7Z,9E-dienoic acid 2-ketol ester, acmellonate also has tingling effects, although to a lesser extent than (homo)spilanthol (1, 2) (Ley et al., 2006) .
Capsaicinoids are responsible for the burning effect of chilli peppers. It was stated that this effect was associated with the presence of an amide bond linking an acyl chain with a vanillyl ring (Castillo et al., 2007) . Capsaicin (271) and dihydrocapsaicin have been reported as most potent burning, followed by capsaicin's 8-acyl derivative (324)4vanillylnonamide (318)4norhydrocapsai-cin (319)4homocapsaicin (320)4homodihydrocapsaicin (321)4 capsaicin's 10-acyl derivative (325) ( Table 7 ). In the fatty acid NAA side, a pronounced burning sensation is found between C 8 -C 11 . C 6 and C 12 derivatives of capsaicin show a very low effect. Beyond this range of fatty acid chain length, no effect has been observed anymore. The amine part also influences the burning effect: benzylor 3-methoxybenzylamines give inactive compounds (Castillo et al., 2007) .
Although it was originally thought that the target side for the tingling and burning effect was the same, namely the transient Kubo et al. (1984) and Su and Horvat (1981) Pellitorine (80) 67  69  71  73  75  77  79  81  83  85  87  89  91  93  95  97  99  101  103  105  107  109  111  113  115  119  121  123  125  127  129  131 Ramsewak et al. (1999) Spilanthol ( Pellitorine (80) a Male insects. b Female insects. 
Undeca-2E,4E-dienoic acid IBA (143) Octadeca-9E-enoic acid vanillyl amide (329) 10 ppm 56 28 ppm / receptor potential (TRP) channel (Kalil-Gaspar et al., 2007; Koo et al., 2007) , it was recently found that their mechanism of action is different (Albin and Simons, 2010; Viana, 2011) . Where the burning effect is evoked by activation of the mechano-and heatsensitive ion channel TRPV1 (transient receptor potential cation channel subfamily V member 1) (the so called capsaicin/vanilloid receptor) (Viana, 2011) , the tingling effect is obtained by excitation of light-touch TrkC (tyrosine kinase) mechanoreceptors by inhibition of the pH-and anesthetic-sensitive two-pore potassium channels in sensory (trigeminal) neurons (KCNK 18) as well as in keratinocytes (KCNK 3, 9) (Bautista et al., 2008; Lennertz et al., 2010) . Recently, it was found that hydroxy-a-sanshool excites the D-hair fibers, a distinct subset of ultrasensitive lighttouch receptors in the skin and targets novel populations of Ab and C fiber nerve afferents (Lennertz et al., 2010) . Above, NAAs are found to have remarkably strong umami tasting properties (Winkel, et al., 2008) . Umami-taste can be described as salty and brothy and has been recognized as the fifth basic taste sensation next to sweet, salt, bitter and sour. The umami taste is associated with a G-protein-couple receptor, but the question which receptor protein is responsible, and if there are more proteins important, remains unclear at this moment (Winkel, et al., 2008) . Several patents claim the taste and flavor enhancing effect of food, drinks and drugs by NAAs, which have sweet, salt or umami taste and flavor enhancement quality. N-substituted unsaturated alkylamide containing C 2-9 linear or branched alkyl, alkenyl, dienealkyl, or phenyl fatty acid chain combined with a C 4-13 linear or branched alkyl, alkenyl, alkyldienyl, acyclic or monocyclic amine substituent are claimed to enhance or change the sense (i.e. sweetness, sourness, saltiness, bitterness, and umami) of food, drinks, drugs (Dewis et al., 2006
Q2
). The umami flavoring potency of the synthetic geranylamine derivatives have also been provided (Kaouas et al., 2010) . Symrise GMBH and Co patented the use of an alkamide and/or a mixture comprising two or more different alkamides, like trans-pellitorine (80), cis-pellitorine (316), spilanthol (1), homospilanthol (2), a-sanshool (162), hydroxyl-a-sanshool (158), hydroxyl-g-sanshool (161), hydroxyl-g-isosanshool (172), g-sanshool (164), bungeanool (170), isobungeanool (168), for changing, masking or decreasing the unpleasant flavor effect in unpleasant tasting material (Langer et al., 2009 ). This company also patented the use of NAAs in order to produce a feeling of warmth upon consumption and/or to intensify/mimic the taste of ethanol. The effect can be established by a NAA having a fatty acid moiety consisting of a C7 up to C14 chain combined with a C1 up to C5 chain on the amine side, or a mixture of two or more of these NAAs. The fatty acid part is preferably a C8-12 chain, while the optimal amine moiety is an isobutyl or N-methylbutyl (Ley et al., 2005a,b) . In a Japanese patent, organoleptic, but no pharmacological effects of spilanthol and the essential oil of Spilanthes oleracea are also demonstrated (Yoshida and Uematsu, 1985; Yoshida and Yamagishi, 1986; Sugano and Yoshida, 1987) .
Anti-inflammatory and immunomodulatory effects
Anti-inflammatory activity and the closely associated immunomodulatory effects can be examined in-vitro via several targets or biomarkers from different related pathways. First, the arachidonic acid (AA) pathway can be explored in immune-related assays: the enzymes cyclooxygenase 1 and 2 (COX 1 and COX 2) and 5-lipoxygenase (5-LO) convert AA via intermediates into measureable pro-inflammatory prostaglandins, thromboxanes and leukotrienes. The RNA and/or protein expression of the interfering enzymes can be investigated e.g. by means of PCR or their activity might be established by measuring substrate/product levels or the consumption of oxidizing or reducing substrates (e.g. di-oxygen). Second, the level of nitric oxide and cytokines, produced by a variety of inflammation involved cells like macrophages can be measured, mostly by specific ELISA assays. Cytokines, produced by T helper (TH) cells, can be proinflammatory (TNF-a, interleukine (IL)-1, IL-2, IL-8, IL-12) or anti-inflammatory (IL-4, IL-5, IL-10 and IL-13). TH cells can be divided in TH1 and TH2 cells. This differentiation occurs in the presence of a mitogenic T cell receptor (TCR) stimulus and is driven by the microenvironmental cytokine concentration (Biedermann et al., 2004) . 
Homospilanthol (2) Octanoic adic phenylmethylamide (330) 10 ppm 33 Ley et al. (2005a,b) 28 ppm / Castillo et al.
Homopellitorine (246) Octanoic adic 3-methoxy phenylmethylamide (331) 10 ppm 56 Ley et al. (2005a,b) Achilleamide (97 and TH2 responses is essential for an appropriate immune function (Berger, 2000) . The granulocyte colony-stimulating factor (G-CSF), granulocyte macrophage colony-stimulating factor (GM-CSF) and tissue inhibition-1 of metallopeptidase (TIMP-1) are also immunomodulatory cytokines. Moreover, the inactivation of NF-kB, resulting in a reduction of pro-inflammatory mediator (e.g. IL-1, IL-8, TNF-a) production, can be measured as well. Finally, it is suggested that many immune associated signal transduction pathways of NAAs are related to the cannabinoid receptors, a family of GPC receptors (Gertsch, 2008; Raduner et al., 2006; Woelkart et al., 2005) . Receptor binding of cannabinoids can be examined by radioligand displacement assays after which the binding inhibition Ki can be obtained or measuring the intracellular Ca 2 þ concentration. The endogenous cannabinoid, an unsaturated fatty acid ethanolamide, anandamide (270) is often included in this receptor binding studies. Especially for Echinaceae NAAs, the anti-inflammatory and immuno-modulatory properties have been well investigated, confirmed and patented Esanu, 1981) . However, also the, immune effects of Anacyclus pyrethrum and antiinflammatory effects of Spilanthes, Heliopsis, Piper and Achillea species are established Mullerjakic et al., 1994; Rimbau et al., 1996; Stöhr et al., 1999; Wu et al., 2008) .
Different targets for the anti-inflammatory properties have been identified. Spilanthol inactivates NF-kB, shows significant topical anti-inflammatory effects in the mouse ear edema test and is the only NAA that has a demonstrated influence on the transcription and translation of the COX enzymes Wu et al., 2008) . All other investigated NAAs have no influence on transcriptional nor translational level of COX (Hinz et al., 2007) , but their enzyme activity decreases in the presence of low concentrations of NAAs containing multiple alkyne groups in their fatty acid chain (Clifford et al., 2002) . At higher concentrations i.e. from 12.5 mg/mL, also NAAs containing double bonds in their acid chain have an inhibitory effect on the COX proinflammatory PGE2 product (23% up to 90% inhibition) (Cech et al., 2010; Hinz et al., 2007; Lalone et al., 2007; Mullerjakic et al., 1994) . In the fatty acid part of the NAA, the 2E configuration shows a higher inhibitory effect than the 2Z configuration, (e.g. 6) with 46% inhibition towards (77) with 23% inhibition. Three double bonds are superior to two double bonds, (e.g. 90) with 37% inhibition versus (98) with 27% inhibition, while a thiophene containing NAA (e.g. 154) is favorable for potent PGE2 inhibition. The amine moiety of the NAA also plays a role in the following decreasing activity: 2-MBA, IBA, piperid(e)ide, tyramide and isopentylamide. A pyrrolide moiety is destructive for activity. Only half of these investigated NAAs are also inhibitors of the 5-HPETE level produced by 5-LO (Mullerjakic et al., 1994) . Pronounced 5-HPETE inhibition was only seen if the IBA possessed four multiple bonds or a thiophene in their acid chain, or if the IBA is replaced by a pyrrolide, a 2,3-didehydro piperidine or tyramide moiety.
The pro-inflammatory TNF-a levels in chemically induced human blood or other immune cell lines are diminished by the endogenous anadamide (270) and/or different C 11 to C 12 IBAs containing a C 2 unsaturation in their fatty acid chain (3, 6, 56 66) . The production of the other pro-inflammatory (IL-1b, IL-2, IL-6, IL-8 IL-12) and the anti-inflammatory (IL-10) mediators is suppressed or enhanced, depending on the nature of chemical stimulation and the structural properties of the NAA (Cech et al., 2010; Matthias et al., 2007; Raduner et al., 2006; Stevenson et al., 2005; Wu et al., 2008) .
Although different receptor binding studies confirmed the affinity of NAAs to the CB1 and even more to the CB2 receptor, their anti-inflammatory effects are not exclusively mediated by CB receptor interaction (Gertsch et al., 2006a) . Moreover, NAAs are rather potential, unexplored therapeutics in the CB system (Gertsch et al., 2006a; Woelkart et al., 2008) . Interaction with CB1 affects the central nerve system, while agonists of peripheral CB2 can be effective as therapeutic for chronic inflammation conditions like arthritis and chronic liver inflammation, for autoimmune diseases, chronic pain relief, osteoporosis, cancer therapeutic and for neurodegradation (Alzheimer's disease). Several C 11 to C 14 2E unsaturated IBAs and 2-MBAs showed affinities to the CB2 receptor (Ki CB2 valueso20 mM) (Matovic et al., 2007; Raduner et al., 2006; Woelkart et al., 2005) . On contrast, the synthetic all-trans tetradeca-2E,4E,8E,10E-tetraenoic acid IBA (284) shows no CB2 affinity, while the naturally occurring 2E,4E,8Z,10Z isomer shows very high affinity (Ki CB2 ¼ 57 nM). Above, using an immobilized CB1/CB2 open tubular column for fast screening, shows that a plant extract (Zanthoxylum sp.) rich in NAAs has high affinity at the CB1/CB2 receptors (Moaddel et al., 2001 Q3 ) Depending on their fatty acid moiety, some synthetic Nbenzyl NAAs also show CB2 receptor affinity. Despite their structural similarity with anandamide, NAEs show no affinity for CB receptors (Gertsch et al., 2006a,b) , possibly due to the lack of the 2E unsaturation at the fatty acid moiety. Indeed, for CB interaction, the 2E double bond in NAAs is necessary (Gertsch, 2008) . The 4E double bond is not essential for CB1 receptor binding, but increases -depending on the fatty acid chain -the affinity of CB2. Moreover, for CB2 receptor interaction, the fatty acid alkyl chain needs to be longer than ten carbon atoms, and IBA or dimethylbutyl amine moiety seem to favor this CB2 interaction. On the molecular level, the Tyr190 aromatic ring of the CB receptor exhibits a H-bond interaction and p-p interactions with the NAA: the hydrophilic pocket of the CB receptor stabilizes the amide function and is surrounded by the residues Asp189 and Tyr190 (Gertsch et al., 2006a) .
It is noteworthy that the synergistic action of NAAs has been demonstrated in numerous studies involving different antiinflammatory pathways (PGE2/5-HPETE/cytokine levels, NF-kB activity, CB2 activation) (Chicca et al., 2009; Lalone et al., 2007; Matthias et al., 2008 Matthias et al., , 2007 Mullerjakic et al., 1994; Woelkart et al., 2006) . This again indicates the importance of the knowledge of phytochemical components present in an investigated and/or used extract. In this context, it is interesting that no individual NAAs but only NAA mixtures decreased the LPS-stimulated NO production (Kim et al., 2010b; Stevenson et al., 2005) .
Others
That NAAs are a very promising group of therapeutics becomes clear from the high amount of bioactivities they have been associated with. Although at the moment, a limited amount of drugs and cosmeceuticals containing one or more NAAs as main bioactive compound are in clinical trials or on the market. Capsaisin is already commercially available as dermal formulation in pain relief and local inflammatory diseases (e.g. Stilene s , RadoSalil s ) and is being investigated in several clinical trials for several indications which have been reviewed manifold (Bode and Dong, 2011; Derry et al., 2009; Qureshi et al., 2008; ReyesEscogido et al., 2011; Wallace and Pappagallo, 2011 ) are on the market to enhance the immune system and local applications of Spilanthes acmella or its main bioactive spilanthol (1) (e.g. Buccaldol s , (Indolphar s ) for benign mouth diseases and fungi) are on the market, we believe that NAAs will gain even more ethnopharmacological interest in the next years. The link with the exponential growing medicinal peptides is very close and traditional as well as current knowledge of the pharmacological effects of NAAs makes them optimal lead compounds in the development of highly potent new drugs. A brief description of some important ethnomedicinal applications is given below. NAAs can exhibit analgesic effect through central GABA release e.g. spilanthol (1) (Rios et al., 2007) , by interfering with voltage-gated sodium channels or via desensitization of the TRPV1 receptor. TRPV1 agonists initially stimulate sensory neurons and release of substance P, followed by a long-lasting refractory period, during which the previously excited neurons are no longer responsive to a broad range of stimuli (Bode and Dong, 2011; Luo et al., 2011; Pal et al., 2009) . Therefore, prolonged ingestion or topical application of capsaicinoids can be successful in managing painful conditions such as rheumatoid arthritis, osteoarthritis, diabetic neuropathy, postherpetic, neuralgia, postmastectomy pain syndrome, cluster headache, reflex sympathetic dystrophy and gastro-intestinal related problems like reflux and functional dyspepsia (Holzer, 2011; Philip and Thakur, 2011) . On contrast, depending on the type of NAA, acute ingestion of NAAs induce gastric mobility via binding to the TRPV1 receptor (capsaicinoids), indirectly by releasing acethylcholine and other neurotransmitters or by acting directly on the smooth muscles (sanshools) (Hashimoto et al., 2001; Holzer, 2011) .
Gastro-protective effects against aspirin-induced erosions (also via TRPV1 interaction) and hepato-protective properties (by inhibiting D-GalN/TNF-a-induced death of hepatocytes) can also be assigned to NAAs. Several piperidines and IBAs having a C 3 to C 15 fatty acid moieties containing a benzyl or benzo[1,3]dioxol-5-yl terminus show hepato-protective effects (mM range). A 1,9-decadiene structure between the benzene ring and amine part, however, enhances the activity (Matsuda et al., 2009) .
A recent study showed that hexadeca-2E,9Z,12Z,14E-tetraenoic acid IBA (68) has the potential to manage insulin resistance and type-2 diabetes by activation of the peroxisome proliferator activated receptor gamma (PPARg) without stimulation of adipocyte differentiation (Christensen et al., 2009 ). NAAs with a C 16 to C 20 fatty acid chain length have the highest PPARg affinity. NAAs with the amide part in one cyclic system (208, 212, 214, 218, 220) or with an ethylphenyl fatty acid and amine moiety (206, 207) showed total inhibition of platelet aggregation induced by arachidonic acid, collagen and PAF at 100 mg/mL (Chen et al., 1997; Cheng et al., 2004) . N-cis-ferulyltyramide (217) is even more potent, with a total anti-platelet activity at 10 mg/mL. However, none of the investigated NAAs show activity against thrombin induced aggregation. Finally, in-vitro as well as in-vivo studies indicate that NAAs are moderate (IC50 $ mM range) anti-cancer therapeutics. Pellitorine (80) and capsaicin (271) are cytotoxic against breast cancer cell lines Luo et al., 2011) . While pellitorine also shows inhibitory properties against leukemia cell lines, capsaicinoids induce the apoptosis of prostate cancer cell lines and autography in colon cancer cell lines. 1,3-benzodioxol-acid IBAs like fagaramide (188) and derivatives (187, 188), however, possess no cytotoxicity against prostate tumor cell lines (Mbaze et al., 2009) . (2E/Z)-N-(4-amino-2,3-dihydroxybutyl)-3-(4-hydroxyphenyl)prop-2-enamide (pharnilatin A (252) and B (342)) show in-vitro cytotoxicity against skin melanoma and lung, ovary and colon carcinoma (Kim et al., 2010a) . Moreover, a sulfone-NAA (343) has anticancer activity against CEM-SS and KU812F (leukemia cells), HT29 (colon cancer) and UACC-62 (melanoma), and was found to be non-toxic to peripheral blood mononuclear cells (Astelbauer et al., 2010) . In-vivo oral ingestion or direct injection of capsaicinoids in mice reduces the size of breast tumors with 50% and inhibits the pre-neoplastic development of breast lesions with 80% (Luo et al., 2011) .
Very often not purified plant material is used in ethnopharmaceutical assays. In this case, it is likely that endogenous plant compounds, other than NAAs are responsible for the observed effect. Although in these studies the contribution of NAAs to the pharmaceutical effect is questioned, the biofunctionality of some NAA containing plant extracts has been described. The antioxidant effects of Anacyclus pyrethrum and Spilanthes acmella have been demonstrated (Kalim et al., 2010; Wongsawatkul et al., 2008) . Synthetic N-(1-oxo-1,3-dihydro-2-benzofuran-5-yl)alkylamide derivatives, preferably containing a fluorine or chlorine atom in their fatty acid part are claimed to preserve the antioxidant and strengthening effects of the skin (Boulle, 2008 Q4 ). The hydroalcoholic and chloroform extract of Anacyclus pyrethrum are protective against seizures and therefore has been shown to be a potential anticonsulvant (Pahuja et al., 2010; Zaidi et al., 2009) . Moreover, different types of Echinaceae pallida, Echinaceae purpurea, Echinaceae angustifolia, Echinaceae vegetalis and Echinaceae atribactilus preparations showed anti-herpetic properties (Squires Meryl, 2001; Schneider et al., 2010) . One group of antimicrobial compounds herein are isobutylamides dosed from 0.003% to 0.009%, m/m. The improved wound healing effects of Echinacea pallida may be attributable to their bioavailable NAAs (Zhai et al., 2009) . Maca (Lepidium meyenii, Brassicacae), Anacyclus pyrethrum and Spilanthes acmella has been shown to improve the fertility and sexual performance, possibly by their NAA content (Sharma et al., in press; Sharma et al., 2009; Wang et al., 2007) . The diuretic activity in male rats of a Spilanthes acmella water extract was established (Ratnasooriya et al., 2004) . The MTT assay reveals that spilanthol (1) (40 mg/mL) only exerts a slight decrease of in cell viability (10%) in-vitro in RAW 264.7 cell lines and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide (3) and dodeca-2E,4E-dienoic acid isobutylamide (66) (both 10 mg/mL) do not influence the cell viability of Jurkat cells in a XTT experiment at all. Although no profound cytotoxicy for the investigated NAAs was demonstrated, in-silico experiments by Derek Nexus 2.0 (Lhasa Limited) indicate specific toxicological endpoints for some functional groups i.e. toxicophores, in NAAs (Table 8) . Derek is an expert system for the assessment of toxicity of chemicals that predicts whether a chemical is toxic in humans, other mammals and bacteria. It consists of a chemical rulebase of descriptions of toxicophores called ''structural alerts'', which correlate with specific toxicological endpoints, like carcinogenicity, genotoxicity, hepatotoxicity, irritation of the skin/gastrointestinal tract/eye/respiratory tract, nephrotoxicity, neurotoxicity, teratogenicity, occupational asthma, etc. For each endpoint where at least one structural alert is found, the outcome of the rules results in a level of likelihood (certain, probable, plausible, equivocal, doubted, improbable, impossible, open, contradicted) for every endpoint, giving a qualitative indication for the toxicity of a chemical in endpoints. Plausible and equivocal likelihood, indicating the weight of evidence supports the proposition and representing an equal weight of evidence for and against the proposition, respectively, were found for several toxicophores found in NAAs. Nineteen toxicophores with a plausible risk and eight with a equivocal risk are present in our set of NAAs. The alerts with a plausible likelihood are considered important. The highest awareness goes to a minor part ($ 4%) of the reported NAAs harboring toxicophores with a plausible cancer related toxicity. Epoxides possess a plausible carcinogenicity in mammal, chromosome damage in-vitro in mammal and mutagenicity in-vitro in bacterium, while a,b-unsaturated sulphones, alkylphenols and hydroperoxide have chromosome damage in-vitro in mammal and quinolones, thiocarbamates and hydroperoxide have mutagenicity in-vitro in mammal and/or bacteria. Besides, two NAAs harboring a HERG Pharmacophore II found to result plausibly in a HERG channel inhibition in-vitro in mammal with potential to develop the long QT syndrome, a fatal heart disorder. Other awareness goes to the furan, para-alkylphenol or derivative, thiophene or organic peroxide, in total covering 10% of the reported NAAs. This toxicophores plausibly result in hepatotoxicity in mammal. Less critical, but important knowledge in drug development are the eye, respiratory tract and or skin irritation of diamines and alkyl hydroperoxides, only attribution for 1% of the 83, 99, 141, 192, 197, 200, 206, 253, 278, 281, [317] [318] [319] [320] [321] [322] [323] [324] [325] [326] [327] [328] [329] -11, 22-26, 47-106, 112-185, 199-207, 229-246, 254-256, 342-345 or precursors, allyl hydroperoxides and terpenoids), covering more than 70% of the NAAs in the database, plausibly result in skin sensitisation in mammal.
PK/PD interactions
Recently, pharmacokinetic and pharmacodynamics interaction between NAA containing plants and conventional drugs have been investigated. Pharmacokinetic interactions of these species mainly are assigned to absorption and metabolism phenomena. In-vitro and in-vivo P-glycoprotein (P-gp) transport studies suggest no significant clinical interaction risk between NAA containing plants, like Echinacea spp., and drugs being P-gp substrates (Gurley et al., 2008; Hansen and Nilsen, 2008, 2009 ). NAAs are metabolized (dealkylation, epoxydation, hydroxylation, and carboxylation) by the cytochroom (CYP) P450 system Spelman, 2009; Toselli et al., 2010) . Besides the alteration of their own activity after metabolism (Cech et al., 2006) , NAA containing plants (like Echinacea spp., Heliopsis spp., Piper spp., Capsicum spp.) and isolated NAAs with a terminal alkyne group inhibit P450 enzymes Pandit et al., 2012; Rodeiro et al., 2009; Subehan et al., 2006; Usia et al., 2006) and hence can also influence the metabolism of other drugs. Nevertheless, in-vitro as well as in-vivo studies showed this herb-drug interaction is clinically not significant (Toselli et al., 2009 et al., 2011), endogeneous compounds (Chicca et al., 2009) or other conventional drugs (Hohmann et al., 2011) . For this phenomena, multiple mechanisms are suggested (Chicca et al., 2009 ). Dependent on their structure, isolated NAAs also exert inverse or partial agonistic effects (Acosta-Madrid et al., 2009) . Overall it can be concluded that it is unlikely that NAA containing plants pose serious health treats in patients combining it with conventional drugs.
Conclusions
NAAs are secondary metabolites present in more than 25 plant families. These versatile molecules elicit multiple biofunctional actions, which make them very promising lead compounds in the development of novel drugs and bioactives. Although fragmental studies have reported over 300 plant NAAs, a structured overview of this new ''meta-group'' of compounds is highly warranted. NAAs were described here according to their plant origin, their functionality and chemical characteristics. The related Alkamid database presents the botanical occurrence (plant family, tribe, genus and species) of NAAs, their 3D structure, chemical classification name and physico-chemical properties. Moreover, functionality results and a NAA structured clustering are given.
We want to debate the frequent use of unpurified plant material which impairs unambiguous activity results. Hence, at this stage, explicit QSAR studies are mostly hampered due to lack of unequivocal chemical-functional data. Therefore, isolation and/ or synthesis of pure NAAs, or at least highly purified plant extracts are one of the future ways to perform standardized in-vitro as well as in-vivo pharmacological tests and consequently, to open up this class of promising bioactive compounds. Furthermore, as NAA containing plants are frequently used in traditional medicine, development of standardized production procedures and quality attributes is recommended, which will strengthen in-vitro and in-vivo activity, toxicity and interaction experiments. In this way, consistent efficacy and safety of these traditionally used medicinal plants is guaranteed. 
